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Description 

SYSTEM AND METHOD FOR PREDICTIVE 
UNDER-FUELING AND OVER-FUELING 
IN A COMBUSTION ENGINE 

Cross Reference To Related Applications 

[0001] The present invention claims the benefit of U.S. Serial No. 

60/481,259 filed August 19, 2003. 
Background of Invention 

[0002] The present invention relates generally to internal com- 
bustion engines, and more particularly, to a system and 
method of predicting when over-fueling or under-fueling 
a combustion chamber will optimize combustion within a 
combustion chamber of the internal combustion engine. 
Specifically, charge purity is detected to determine when a 
subsequent combustion cycle could benefit from over- 
fueling or under-fueling. 

[0003] In general, fuel-injected engines include a fuel injector 
that provides a fine mist of fuel that mixes with combus- 



tion generating gases, known as a charge, that generally 
comprise a mixture of fresh air and any remaining ex- 
haust gases, within a cylinder. This mixture is compressed 
by a reciprocating piston and spark ignited by a spark 
plug. The spark plug is essentially a pair of electrodes 
disposed within a combustion chamber and separated by 
an air gap. One spark plug electrode is connected to an 
intermittent voltage potential and the other is connected 
to an electrical ground. When a sufficient voltage potential 
is present at one electrode, a spark occurs across the air 
gap. This well-known construction will be utilized in a 
unique way in accordance with one embodiment of the in- 
vention. 

[0004] The spark from the spark plug causes the fuel and air 

mixture to ignite and combustion to occur. The combus- 
tion causes the piston to reciprocate. In a two-stroke en- 
gine, as the piston is driven downward in the cylinder, two 
ports in the cylinder wall are opened by the passing of the 
piston. Due to a pressure differential and the downward 
travel of the piston within the combustion chamber, the 
opening of the ports allows the exhaust from the com- 
bustion to be pushed out an exhaust port and then fresh 
air to be drawn into the combustion chamber to replace 



the exhaust. 

[0005] The gas exchange, or "scavenging", process is defined 

and optimized by two basic criteria. The first involves cre- 
ation of a pressure differential between the combustion 
chamber and crankcase, and the second is what is known 
as exhaust "plugging." The two are not directly dependent 
on one another, but both need optimization to create an 
efficient engine. That is, the higher the pressure differen- 
tial between the crankcase and the combustion chamber, 
the more air that can be scavenged into the cylinder. Sim- 
ilarly, the better the timing of an exhaust "plug," the more 
of that fresh air can be kept in the cylinder for combustion 
in the next cycle. 

[0006] Specifically, during the down stroke, or "power" stroke, of 
the piston, a pressure differential is created between the 
combustion chamber and the crankcase. As the piston 
continues downward, the exhaust and intake ports are 
uncovered. Replacing the exhaust with fresh air begins af- 
ter the transfer ports are opened. During this process, the 
pressure in the combustion chamber is decreased to "scav- 
enge" fresh air from the crankcase into the combustion 
chamber. Therefore, the higher the pressure differential, 
the more efficient the scavenging process. 



[0007] Jo better understand "plugging", it is useful to under- 
stand how the exhaust travels when exiting the combus- 
tion chamber. When the exhaust is forced from the com- 
bustion chamber into an exhaust system, the exhaust 
travels through the exhaust system as an exhaust pulse. 
In a tuned exhaust, when this exhaust pulse reaches the 
end of the exhaust system, a high pressure pulse is re- 
flected back to the exhaust port of the combustion cham- 
ber as a "plugging" pulse. This plugging pulse pushes or 
"plugs" fresh charge that escapes through the exhaust 
port during the scavenging process back into the com- 
bustion chamber and effectively "plugs" the port. In this 
embodiment, the combustion chamber "self-plugs" be- 
cause the plugging pulse is generated from the reflection 
of the exhaust pulse that originated from the very same 
combustion chamber. Therefore, a subsequent combus- 
tion cycle is directly affected by the combustion of the 
previous cycle. For example, poor combustion in one 
combustion cycle will likely produce a poor plugging 
pulse, or a badly timed pulse, and result in less fresh 
charge in the subsequent combustion cycle. 

[0008] Alternatively, "cross-plugging" is utilized in a multi- 
cylinder engine, and in particular, three cylinder engines. 



where the timing of a plugging pulse from one combus- 
tion chamber can be set to coincide with the scavenging 
of another combustion chamber. By tuning the exhaust 
system of the engine, the exhaust pulse of one cylinder 
can serve as the plugging pulse of another cylinder. As a 
result, combustion in one cylinder can directly affect the 
subsequent combustion cycle of another cylinder if a poor 
plugging pulse is produced from the first cylinder. 

[0009] Whether self-plugging or cross-plugging, a predeter- 
mined quantity of fuel is typically delivered to the com- 
bustion chamber based on operating conditions and de- 
mands. This predetermined quantity of fuel is also based 
on an assumption that the exact timing of combustion will 
fall within a very specific time window to deliver optimal 
power to the engine and generate optimal scavenging and 
plugging pulses. However, it is possible for the exact tim- 
ing of combustion to fall outside the specific time window 
for any given combustion. Slow combustion and misfiring 
may occur when the timing of combustion is not within 
the window, resulting in operational fluctuations that af- 
fect the plugging pulse and/or the cylinder/crankcase 
pressure differential. 

[0010] For example, if combustion occurs late in the combustion 



cycle, the exhaust gases will be hotter when exiting the 
cylinder. The slow combustion does not deliver optimal 
energy to drive the engine but does result in an improved 
scavenging for the next cycle. As a result, more fresh air 
is present in the combustion chamber. This higher con- 
centration of oxygen, expressed as a higher charge purity, 
provides for improved combustion in the subsequent 
combustion cycle. However, since the quantity of fuel in- 
jected into the combustion chamber is based on a prede- 
termined charge purity, the improved charge purity is not 
utilized. That is, no improved operation is gained from the 
improved charge purity because the combustion is limited 
by the quantity of fuel injected into the combustion 
chamber. 

1] On the other hand, should a misfire occur in the combus- 
tion chamber, scavenging is diminished and little or no 
plugging pulse is generated. Accordingly, a diminished 
charge purity is present in the combustion chamber dur- 
ing the subsequent combustion cycle. That is, in the ab- 
sence of combustion, the desired pressure differential is 
not achieved between the combustion chamber and the 
crankcase. As such, less fresh charge is scavenged during 
the scavenging period. Furthermore, without a plugging 



pulse, the charge purity of the next cycle is decreased be- 
cause some fresh charge that was scavenged is lost via 
the exhaust system rather than pushed back into the 
combustion chamber with a proper plugging pulse. 
Therefore, the concentration of fresh air in the combus- 
tion chamber is insufficient to allow optimal combustion 
of the predetermined quantity of fuel that is injected. As 
such, unburned fuel remains after combustion and is dis- 
pelled through the exhaust system. This results in ineffi- 
cient engine operation, higher fuel consumption, and 
higher exhaust emissions. 
[0012] It would therefore be desirable to have a system and 

method to determine the charge purity within a combus- 
tion chamber and augment the quantity of fuel injected 

into the combustion chamber in response. 
Brief Description of Invention 

[0013] The present invention relates generally to a system and 
method of controlling fuel delivery within the combustion 
chamber that overcomes the aforementioned drawbacks. 
Specifically, the present invention is a system and method 
of providing over-fueling or under-fueling such that the 
quantity of fuel delivered to the combustion chamber dur- 
ing a subsequent combustion cycle is optimized for the 



charge purity within the combustion chamber from a pre- 
vious combustion. More specifically, apparatus is imple- 
mented to sense combustion conditions and identify atyp- 
ical engine operation. The combustion conditions are uti- 
lized to determine if a subsequent combustion cycle could 
benefit from over-fueling or under-fueling. 

[0014] In accordance with one aspect of the current invention, a 
system and method for operating a two-stroke engine is 
disclosed that includes at least one cylinder, a piston re- 
ciprocally disposed therein, and a scavenging port for 
egress of exhaust gasses therefrom. A charge purity de- 
tector is in operable association with the at least one 
cylinder to detect irregular combustion in the at least one 
cylinder. An ECU is connected to receive signals from the 
charge purity detector and programmed to adjust a 
charge parameter in a next cycle in response to detected 
irregular combustion. 

[0015] In accordance with another aspect of the current inven- 
tion, a method of controlling fuel injection within a com- 
bustion engine is disclosed that includes receiving an 
electronic signal indicative of combustion thoroughness in 
at least one cylinder of an engine and determining, from 
the electronic signal, whether the combustion in the at 



least one cylinder was regular or irregular. If irregular, the 
method includes adjusting an operating parameter for a 
next combustion to compensate for irregular combustion. 

[0016] In accordance with another aspect of the current inven- 
tion, an outboard motor is disclosed that includes a pow- 
erhead having a combustion engine, a midsection config- 
ured for mounting the outboard motor to a watercraft, 
and a lower unit powered by the engine to propel a water- 
craft. At least one combustion condition monitor is in- 
cluded to monitor at least one cylinder of the combustion 
engine. An ECU receives feedback from the combustion 
condition monitor and is configured to adjust an operat- 
ing parameter in a next combustion cycle if the feedback 
from the combustion condition monitor is indicative of 
atypical combustion. 

[001 7] In accordance with yet another aspect of the current in- 
vention, a system for adjusting a fuel quantity delivered to 
a combustion chamber of an engine is disclosed that in- 
cludes a means for determining a charge purity within a 
combustion chamber and a means for adjusting a quantity 
of fuel delivered during a next combustion cycle accord- 
ing to the charge purity. 

[0018] Various other features, objects and advantages of the 



present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0019] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0020] in the drawings: 

[0021] Fig. 1 is an outboard marine engine incorporating the 

present invention. 
[0022] Fig. 2 is a cross-sectional view of an engine cylinder of 

the engine shown in Fig. 1 having means for determining 

charge purity. 

[0023] Fig. 3 is a flow chart setting forth the steps of a process 

for ion gap sensing within the engine shown in Fig. 1. 
Detailed Description 

[0024] The present invention relates to internal combustion en- 
gines, and preferably, those incorporating direct fuel in- 
jection in a spark-ignited gasoline-type engine. In a pre- 
ferred embodiment, the engine is a two-stroke direct in- 
jected engine. Fig. 1 shows an outboard motor 10 having 
one such engine 12. The engine 12 is housed in a power- 
head 14 and supported on a mid-section 16 configured 
for mounting on the transom of a boat (not shown) in a 



known conventional manner. An output shaft of the en- 
gine 12 is coupled to a drive propeller 18 extending rear- 
wardly of a lower gearcase 20 via the mid-section 16. The 
engine 12 is controlled by an electronic control unit (ECU) 
21. While the invention is shown in Fig. 1 as being incor- 
porated into an outboard motor, the present invention is 
equally applicable with many other recreational products 
such as inboard motors, motorcycles, scooters, snowmo- 
biles, personal watercrafts, all terrain vehicles, and lawn- 
care equipment. 
[0025] Referring to Fig. 2, an exemplary individual engine cylin- 
der 22 of engine 12 is shown in cross-section. The cylin- 
der 22 includes a cylinder bore 24 in an engine block 25 
through which a piston 26 reciprocates. The piston 26 
typically includes one or more rings 28 to create a seal 
between the piston 16 and the cylinder bore 24 as the 
piston 26 reciprocates within the cylinder 22. The piston 
26 is coupled to a rod 30 by a pin 32. The rod 30 is con- 
nected to a crankshaft 34 at a position 36 offset from a 
center 38 of the crankshaft 34. The crankshaft 34 is ro- 
tated as the piston 26 reciprocates. Specifically, the 
crankshaft rotates about the center of the crankshaft 38 in 
a crankcase 40, as the piston 26 reciprocates. 



[0026] In accordance with a preferred embodiment, a cranl<sliaft 
velocity monitor 41 is disposed witiiin tlie cranl<case 40 to 
provide feedback on variations in the velocity of the 
crankshaft 38. As will be further described, while the 
crankshaft velocity monitor 41 is shown disposed within 
the crankcase 40, it is contemplated that the crankshaft 
velocity monitor 41 may be disposed in any position 
within the engine 22 where the rotational velocity of the 
crankshaft 38 can be monitored. 

[0027] A cylinder head 42 is mounted to the engine block 25 to 
enclose cylinder 22 and define a combustion chamber 44. 
Mounted within the cylinder head 42 is a fuel injector 46 
to deliver fuel directly into the combustion chamber 42. 
Also mounted within the cylinder head 42 is a spark plug 
48 to ignite a fuel-air mixture in the combustion chamber 
44. The fuel injector 46 and the spark plug 48 are re- 
ceived in openings 50 and 52, respectively, within a re- 
cess 54 of the combustion chamber 44. 

[0028] A pair of electrodes 56 of the spark plug 48 extends near 
an injection nozzle 58 of the fuel injector 46. In accor- 
dance with one embodiment, and as will be further de- 
scribed, an auxiliary pair of electrodes 60 to perform ion 
gap sensing is positioned in communication with the 



combustion chamber 44 within the recessed region 54. 
However, in an alternative embodiment, the pair of elec- 
trodes 56 of spark plug 48 may be used to perform ion 
gap sensing, in which case the auxiliary pair of electrodes 
60 is not needed. 

[0029] The cylinder 22 includes an intake port 62 and an exhaust 
port 64. In accordance with a preferred embodiment, an 
exhaust gas temperature monitor 65 is disposed in the 
exhaust port 64 to monitor exhaust gas temperature. As 
will be described, it is contemplated that the exhaust gas 
temperature monitor 65 may also be disposed within the 
exhaust system (not shown) or at any other position 
where the exhaust gas temperature monitor 65 is exposed 
to gases exhausting from the combustion chamber 44. 

[0030] When the piston 26 travels downwardly and exhausts 

gases through exhaust port 64 from combustion chamber 
44, a fresh charge is drawn into cylinder 22 through an 
intake port 62. When the piston 26 travels towards the 
cylinder head 42 to compress the charge of air within the 
combustion chamber 44, a fresh charge of air is also 
drawn into crankcase 40 through an inlet port 62. A reed 
valve 68 allows the air to pass into crankcase 40 but pre- 
vents escape back through inlet port 66 on the power 



stroke. 

[0031] At the start of the combustion stroke, near a top- 
dead-center position of piston 26, when the fresh air 
charge is compressed, the fuel injector 46 injects fuel to 
create a fuel-air mixture that is ignited by a spark be- 
tween the pair of electrodes 56. Upon ignition of the fuel- 
air charge in the combustion chamber 44, the piston 26 is 
driven away from the cylinder head 42 past the exhaust 
port 64 through which the exhaust gasses are discharged. 
The creation of a pressure differential between the com- 
bustion chamber 44 and the crankcase 40 forces the ex- 
haust gases out the exhaust port 64 and travel through an 
exhaust system. As the piston 26 moves past the exhaust 
port 64, the intake port 62 is fully opened and a fresh 
charge is scavenged through the intake port 62 to replace 
the exhaust gases leaving the combustion chamber 44. 
More specifically, the downward travel of piston 26 com- 
presses the air surrounding the crankshaft 34 in 
crankcase 40 and forces the fresh charge in the crankcase 
40 into the combustion chamber 44 through the scavenge 
port 62 for mixing with the next injection of fuel to be ig- 
nited by spark plug 48. 

[0032] However, some of the fresh charge may be expelled 



through the exhaust port 64 and into the exhaust system. 
As such, prior to closing the exhaust port 64, a plugging 
pulse, either from a reflection of the cylinder's exhaust 
pulse or from reflection of an exhaust pulse of an adja- 
cent cylinder, plugs the expelled fresh charge as the ex- 
haust port 64 closes, and preferably, actually pushes the 
escaped fresh charge back into the combustion chamber. 
[0033] During the combustion cycle, a plurality of detection de- 
vices, or charge purity monitors, detect combustion thor- 
oughness. Specifically, the pair of electrodes 56 or 60, the 
crankshaft velocity monitor 41, and the exhaust gas tem- 
perature monitor 65, or any combination thereof, are 
means for monitoring the combustion cycle for a combus- 
tion condition. 

[0034] More specifically, the pair of electrodes monitor conduc- 
tivity by performing ion gap sensing to determine the 
concentration of ionized gases within the combustion 
chamber 44 as an indication of combustion thoroughness. 
Ion gap sensing is accomplished by placing a voltage po- 
tential across the electrodes 56 or 60 and measuring the 
current that flows between the electrodes 56 or 60. Under 
a voltage potential, the current that flows between the 
electrodes 56 or 60 is proportional to the conductivity of 



the gas in the combustion chamber 44. The gas conduc- 
tivity is indicative of the ionization of the combustion gas 
because the ions are responsible for the transportation of 
the charge across the gap between the electrodes 56 or 
60. 

[0035] The ions are produced from two sources, both of which 
are indicative of combustion. First, the molecules of the 
injected fuel are broken up due to the forced molecular 
interactions during combustion. These interactions induce 
ionization of the fuel molecule "fragments." Second, the 
high thermal conditions associated with combustion cause 
thermal ionization of the gases present in the combustion 
chamber 44 during combustion. Therefore, combustion 
results in an increase in ions within the combustion 
chamber 44. In the present invention, ion gap sensing is 
performed over the duration of the combustion cycle to 
determine the specific timing of combustion within the 
combustion cycle. As will be described, by identifying the 
timing of combustion, a combustion condition can be de- 
tected and the charge purity for the subsequent combus- 
tion cycle can be determined. 

[0036] By monitoring the conductivity within the combustion 
chamber 44 during the previous combustion cycle, the 



ECU 21, Fig. 1, can therefore determine tlie cliarge purity 
witiiin tlie combustion cliamber 44 of Fig. 2, during a next 
combustion cycle and augments tlie precise amount of 
fuel injected by fuel injector 46 into the combustion 
chamber 44 according to the charge purity. As described, 
by monitoring any combination of combustion condition 
feedback, the amount of fuel injected can be carefully 
controlled to match the amount of fresh charge present in 
the combustion chamber 44 during the next combustion 
cycle. 

[0037] Additionally, since combustion within the combustion 

chamber 44 causes the piston 26 to be driven downward 
and rotate the crankshaft 38, combustion conditions can 
be identified from variations in the rotational velocity of 
the crankshaft 38. The crankshaft velocity monitor 41 can 
be used to detect the rotation of the crankshaft 38, and 
the ECU 21 can then detect variations in the rotation. 
Specifically, should a misfire take place within the com- 
bustion chamber 44, the crankshaft will not be driven as 
forcefully by the piston 26, and therefore the instanta- 
neous velocity of the crankshaft 38 will slow. Similarly, 
should combustion occur late in the combustion cycle, the 
velocity of the crankshaft 38 will change and then increase 



later than expected by the eventual force from combus- 
tion. As will be described, by identifying variations in the 
velocity of the crankshaft 38, a combustion condition can 
be detected and the charge purity of the subsequent com- 
bustion cycle can be determined. 
[0038] Also, the exhaust gas temperature monitor 65 detects 
variations in the temperature of gases exhausting from 
the combustion chamber 44 through exhaust port 64. 
Since the degree of efficient combustion causes the gases 
contained in the combustion chamber 44 to be heated at 
differing rates, by monitoring exhaust temperatures, the 
previous combustion efficiency can be derived by the ECU. 
Under normal combustion, the temperature of exhausting 
gases is relatively consistent. However, if combustion is 
slow or if a misfire occurs, the temperature of the ex- 
hausting gases fluctuates. Specifically, if combustion is 
slow, the exhausting gases are hotter than if normal com- 
bustion occurs, and if a misfire occurs, the gases are 
cooler than if normal combustion occurs. As will be fully 
described, by identifying variations in the temperature of 
gases leaving the exhaust port 64, a combustion condi- 
tion can be detected and the charge purity of the subse- 
quent combustion cycle can be determined. 



[0039] Referring now to Fig. 3, a flow cliart sets forth steps/acts 
of a process/computer program in accordance with the 
present invention to predict and anticipate a need to ei- 
ther under-fuel or over-fuel a next combustion cycle on a 
cylinder-by-cylinder basis. As set forth, combustion con- 
ditions are initially monitored 100. A combustion chamber 
charge purity is determined 102 by analyzing variations in 
crankshaft velocity, variations in exhaust temperature, ion 
gap sensing, or any combination thereof. 

[0040] The charge purity determined at 102 is associated with 
the cylinder being monitored, which may or may not be 
the same cylinder in which adjustments will be made to 
compensate for an atypical charge purity. Specifically, if 
the engine configuration is such that the plugging pulse 
reflection is delivered to the same cylinder (i.e. self- 
plugging), the charge purity is associated with the same 
cylinder to be adjusted. However, if the engine is config- 
ured such that the exhaust pulse reflection of one cylinder 
provides the plugging pulse for another cylinder (i.e. 
cross-plugging), the adjustment is made to a cylinder dif- 
ferent from where the charge purity is detected. 

[0041] Once the charge purity is determined 102, the ECU deter- 
mines whether the charge purity is other than ideal. The 



ideal range is a range of charge purities tliat are indicative 
of normal combustion. In one embodiment, the ECU first 
checks if the charge purity is less than an ideal range 104, 
and if the determined charge purity is less than the ideal 
range 104, 106, the ECU determines that the received 
feedback signal indicates an atypical combustion condi- 
tion, for example slow combustion or a misfire, and 
therefore decreased scavenging and/or incorrect plugging 
is expected in a next cycle. For example, if ions indicative 
of combustion are not detected during the monitoring of 
the combustion cycle 100, a misfire has occurred and a 
decreased charge purity is expected. That is, if the com- 
bustion condition detected is indicative of a misfire, such 
as an absence of an induced current across the electrodes, 
or the presence of a low induced current when ion gap 
sensing, and/or a decrease in crankshaft velocity, and/or 
a low exhaust temperature, a low charge purity constitut- 
ing a low concentration of oxygen is presumed because a 
reduced or mis-timed plugging pulse is expected and 
scavenging is decreased. 
[0042] If the decreased charge purity is less than an ideal charge 
purity range 104, 106, the fuel quantity injected during 
the next combustion cycle is decreased 108. As a result. 



the injected fuel quantity corresponds to the charge purity 
for efficient, clean combustion and combustion is again 
monitored to detect indicia of irregular combustion 100. 
[0043] However, if the determined charge purity is not less than 
the ideal range 104, 110, the ECU determines whether the 
charge purity is greater than the ideal range 112, and if 
the determined charge purity is greater than the ideal 
range 112, 114, increased scavenging and incorrect plug- 
ging is expected resulting in a higher concentration of 
oxygen in the combustion chamber during the next com- 
bustion cycle. For example, if ions indicative of combus- 
tion are detected late in the combustion cycle during the 
monitoring of the combustion cycle 100, a slow combus- 
tion has occurred and an increased charge purity is ex- 
pected for the next cycle. Specifically, if a combustion 
condition is detected that indicates combustion occurred 
late in the combustion cycle, a high charge purity is ex- 
pected. That is, if an electrical ionization current across 
the electrodes is indicative of late combustion in the com- 
bustion cycle, or a crankshaft velocity is indicative of late 
combustion, or if the exhaust temperature is higher than 
would be produced by normal combustion, a combustion 
condition indicative of slow combustion is presumed. Un- 



der such conditions, improved scavenging is expected and 
a liiglier cliarge purity constituting a liigli concentration of 
oxygen is expected for tlie next combustion cycle. 

[0044] If the detected charge purity is greater than an ideal 

charge purity range 112, 114, the fuel quantity injected 
during the subsequent combustion cycle is increased ac- 
cording to the magnitude of increase in detected charge 
purity 116. As a result, the injected fuel quantity corre- 
sponds to the charge purity, yielding improved combus- 
tion in the subsequent combustion cycle, during which 
combustion is again monitored to detect indicia of irregu- 
lar combustion 100. 

[0045] If the detected charge purity is neither less than the ideal 
range 106 nor greater than the ideal range 114, the de- 
tected combustion condition is indicative of normal com- 
bustion 118. Therefore, the quantity of fuel is not 
changed and the predetermined fuel quantity correspond- 
ing to normal combustion is delivered to the combustion 
chamber during the subsequent combustion cycle. 

[0046] Accordingly, a technique is provided such that the amount 
of fuel injected into the combustion chamber corresponds 
to a detected charge purity of a combustion chamber. 
Combustion conditions are detected and an associated 



charge purity is determined. Tlie determined charge purity 
is an indication of the concentration of oxygen in the 
combustion chamber during the next combustion cycle 
and is utilized to supply an over-fueling, an under-fuel- 
ing, or a normal fueling to a given combustion chamber in 
the next combustion cycle, thereby optimizing engine op- 
eration. 

[0047] It js contemplated that the above-described technique be 
embodied in a system and method for operating a two- 
stroke engine that includes at least one cylinder, a piston 
reciprocally disposed therein, and a scavenging port for 
egress of exhaust gasses therefrom. A charge purity de- 
tector is in operable association with the at least one 
cylinder to detect irregular combustion in the at least one 
cylinder. An ECU is connected to receive signals from the 
charge purity detector and programmed to adjust a 
charge parameter in a next cycle in response to a detected 
irregular combustion. The two-stroke engine may be in- 
corporated into any one of an outboard motor, inboard 
motor, motorcycle, scooter, snowmobile, personal water- 
craft, all-terrain vehicle, lawn-care equipment, or any de- 
vice requiring its own power source. 

[0048] It is further contemplated that the above-described tech- 



nique be embodied in a method of controlling fuel injec- 
tion within a combustion engine that includes receiving an 
electronic signal indicative of combustion thoroughness in 
at least one cylinder of an engine and determining, from 
the electronic signal, whether the combustion in the at 
least one cylinder was regular or irregular. If irregular, the 
method includes adjusting an operating parameter for a 
next combustion to compensate for irregular combustion. 

[0049] It is also contemplated that the above-described tech- 
nique be embodied in an outboard motor that includes a 
powerhead having a combustion engine, a midsection 
configured for mounting the outboard motor to a water- 
craft, and a lower unit powered by the engine to propel a 
watercraft. At least one combustion condition monitor is 
included to monitor at least one cylinder of the combus- 
tion engine. An ECU receives feedback from the combus- 
tion condition monitor and is configured to adjust an op- 
erating parameter in a next combustion cycle if the feed- 
back from the combustion condition monitor is indicative 
of atypical combustion. 

[0050] It is also contemplated that the above-described tech- 
nique be embodied in a system for adjusting a fuel quan- 
tity delivered to a combustion chamber of an engine that 



includes a means for determining a cliarge purity within a 
combustion chamber and a means for adjusting a quantity 
of fuel delivered during a next combustion cycle accord- 
ing to the charge purity. The means for determining 
charge purity can be any of the charge purity detectors 
disclosed, or a combination of any of these, or any other 
technique to determine charge purity. The means for ad- 
Justing fuel can include the aforementioned ECU having a 
programmed microprocessor, or computer, a discrete cir- 
cuit, or any other processing or memory map technique. 
[0051] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



